I 



UK Patent Application <, 9 ,GB ( ,„2 007 048 A 



(21) Application No 7841723 

(22) Date of filing 
24 Oct 1978 

(23) Claims filed 
24 Oct 1978 

(30) Priority data 

(31) 7711655 
7802969 

(32) 24 Oct 1977 
17 Mar 1978 

(33) Netherlands (NL) 
(43) Application published 

10 May 1979 

(51) INT CL 2 G01R 15/06 

(52) Domestic classification 
H2K 208 254 490 621 
JC 

(56) Documents cited 

None 
(58) Field of search 

H2K 

(71) Applicants 
Hazemeijer BV 
Tumdorpstraat 61 
Hengelo JO) 

the Netherlands 

(72) Inventor 

Maarten Groenenboom 
(74) Agents 

Brewer & Son 



(54) Capacitive voltage divider 

(57) A capacitive alternating voltage 
divider, e.g. for medium or high 
voltage, comprising the series cir- 
cuit of at least two capacitors C v 
C 2 , one of which (C 2 ) serves as a 
measuring capacitor from which the 
output voltage is derived is charac- 
terized in that the measuring capac- 
itor is connected to a path S u R L 
with a variable impedance and that 
control means F,, D, B L are present 
which react to a D.C. voltage com- 
ponent in the output voltage to re- 
duce said impedance in the pres- 
ence of a D.C. voltage component 
and to increase it in the absence of 
a D.C. voltage component. 



Fiq-l 



-5-^ MEASURINGM6NAL 
"CONTROL MEANS 1 

r f 



1 



I r, 

J HHzC 



! A 

17 



I 



l 



c, 

□c 
C 

c 

c 

oc 

> 



BNSDOCID: <GB 20D7048A_I_> 



f i q -1 



2007048 



1/4 




MEASURING 5I6NAL 
"CONTROL MEANS 

! 1. 



— i 

i 



i 



HA 

i i 



fip-a 



Fin -3 



-POSITIVE D.C. VDLTA&ECOMPDNENT 




fiq-4 




NEGATIVE D.C. VOLTAGE. 
COMPONENT 



Fiq-5 



"Fi q - Ei 



-r *v 



V; 



re 



2007048 



2/4 



r" 



•MEASURJNGSI6NAL 

"CDNTROLMEANS" 



,8 ! 



I 



J 




BNSDOCID; <GS £007048A_L> 



3/4 



2007048 



Fig-fl 



r 



MEASDR1N&SI&NAL 

"CDNTRDLMEAN5" 

[~ CDNVERTOR M "1 



fl_4 i 



H 




J_. 



BNSDOCID: <GB 2007048A_L> 



GB2 007 048A 



reference voltage on the other hand, and 
consisting of a series circuit of two capacitors. 
Such a circuit provides two input control 
signals for the comparison circuit. 
5 However, when high voltage is involved, 
due to the application of a second capacitive 
alternating voltage divider in the latter circuit, 
two high voltage capacitors to be connected 
directly to the high voltage will become essen- 

1 0 tial. With capacitive voltage dividers high volt- 
age capacitors are generally integrated into 
the high voltage conductor system, so that the 
addition of a second high voltage capacitor 
may raise problems. 

1 5 Therefore, in a further embodiment of the 
invention, use is again made of a single high 
voltage capacitor to be connected to the pri- 
mary voltage while, between the high voltage 
capacitor and the reference voltage, a series 

20 circuit and/or parallel connection of several 
control capacitors is connected to supply the 
input control signals to the comparison circuit 
in the control means. With this embodiment, 
the capacitors may be given such values that 

25 the various secondary control voltages of the 
control capacitors will not or hardly affect 
each other. In this manner, the possibilities of 
applying the invention are considerably en- 
larged while an even more accurate and rapid 

30 operation is realised. One of the control ca- 
pacitors may also form the measuring capaci- 
tor but this may also be a separate capacitor 
when a bridging by the adjustable leakage 
impedance is provided. 

35 The invention will now be further illustrated 
with the aid of drawings in which as an 
example some embodiments are shown. 

Figure 7 shows a capacitive voltage divider 
according to the invention, operating accord- 

40 ing to a first principle; 

Figure 2 shows a graph of the true alternat- 
ing voltage signal and the measuring signal 
with a positive D.C. voltage component; 
Figure 3 shows a similar graph as given in 

45 Fig. 2 with a negative D.C. voltage compo- 
nent; 

Figure 4 shows a graph of the signals 
supplied to the inputs of the comparison cir- 
cuit, in explanation of the operation of the 
50 circuit according to Fig. 1 ; 

Figure 5 shows the same signals as Fig. 4, 
but with a periodically reduced impedance of 
the member with a variable impedance; 
Figure 6 shows a second embodiment of 
55 the circuit according to the invention; 

Figure 7 shows yet another embodiment of 
the circuit according to the invention, in 
which a second series circuit of capacitors 
with two separate control capacitors is ap- 
60 plied; 

Figure 8 shows another embodiment of the 
circuit according to the invention, in which 
the impedance is switched pulse-wise; 

Figure 9 shows another embodiment, in 
65 which two control capacitors separately con- 
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nected in series and a high voltage capacitor 
are applied; 

Figure 10 shows a variant of the circuit 
according to Fig. 9; 

70 Figure 1 1 shows another variant of the 
circuit according to Fig. 9; 

Figure 12 shows a further circuit according 
to the invention, with a high voltage capacitor 
and two control capacitors which are now 

75 embodied in parallel branches. 

Fig. 1 shows a capacitive voltage divider 
consisting of a capacitor C : and a measuring 
capacitor C 2 . Parallel to said measuring capac- 
itor C 2 the member with variable impedance is 

80 connected, consisting of a switch S, and a 
leakage resistance R L . Furthermore, both the 
measuring capacitor C 2 and the leakage resis- 
tance R L are connected to a reference voltage. 
This may be the same reference voltage for 

85 both the measuring capacitor C 2 and the leak- 
age resistance R L , but these may likewise be 
different reference voltages. 

The voltage divider consisting of the capaci- 
tors C, and C 2 acts as a wideband voltage 

90 divider as long as the switch S t is open. All 
phenomena, both rapid phenomena and D.C. 
voltages, are undistortedly supplied to the 
input with a high ohmic value of the wide- 
band amplifier V v The output of said amplifier 

95 V,, here merely arranged as a voltage follow- 
ing circuit, e.g. an emitter follower, produces 
the desired measuring signal B which is used 
for protective purposes. 

When a D.C voltage component occurs in 
100 the measuring signal, the D.C. voltage block- 
ing filter F, will discharge at a certain time 
constant, due to which the D.C. voltage com- 
ponent in the output signal A will rapidly 
disappear while, in the first instance, due to 
105 the switch S, being open, will remain on the 
input with a high ohmic value of the amplifier 
V n and, consequently, also in the measuring 
signal B. 

Therefore, the output signal A of the D.C. 

110 voltage blocking filter, here a bandpass filter 
centered on the frequency of the desired 
alternating voltage, will after a brief period be 
a narrow band fundamental wave signal with- 
out a D.C. voltage component. 

115 Together with the unmodified output signal 
B of the amplifier V,, the output signal A of 
the D.C. voltage transmission filter is supplied 
as a control signal to a comparison circuit D, 
in which the control signals A and B are 

1 20 compared to each other. The comparison cir- 
cuit D is coupied to a logical decisive circuit 
B L . The output signal S of said decisive circuit 
may close the switch S, in the presence of a 
D.C. voltage component. This will be the case 

1 25 when the signal B is unequal to the signal A. 
As long as B is larger than A, the reference 
voltage V re( ^ supplied to the member with a 
variable impedance should be smaller than B, 
and if B is smaller than A, said reference 

1 30 voltage should be larger than B. See Figs. 2 
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and 3, Fig. 2 indicating B as larger than A 
due to a positive D.C. voltage component and 
Fig. 3 indicating B as smaller than A due to a 
negative D.C. voltage component in the sec- 
5 ondary voltage. A simple embodiment is that 
in which the reference voltages equal each 
other both for the measuring capacitor C 2 as 
for the leakage resistance R L , e.g. 0 Volt. The 
switch S 1 may then be closed as long as 8 is 

1 0 larger than O if B is larger than A, or as long 
as B is smaller than O if B is smaller then A. 
In Figs. 2 and 3, the periods during which the 
switch is closed, are marked by the heavy- 
drawn Unes of the horizontal axis. It has been 

1 5 proven in practice that, when A is larger than 
O (with B being smaller than A) the closing of 
the switch S, will enable a comparatively less 
complicated embodiment of the logical deci- 
sive circuit B t . More effect is produced by the 

20 embodiment in which the reference voltage 
V ref , for the leakage impedance or leakage 
resistance is varied or adjusted such that, e.g. 
by means of the logical decisive circuit B L( 
that the said reference voltage V re( will al- 

25 ways be smaller than B as long as A is not 
equal to B (when B is larger than A) and 
larger than B (when B is smaller than A). In 



the latter embodiment V ref is varied or ad- 
justed either analogously or digitally. Here, for 

30 instance, the true alternating voltage signal A 
may also be used for the reference voltage. 

The operation of the circuit according to 
Fig. 1 is further illustrated with the aid of 
Figs. 4 and 5. In Fig. 4 the case is shown in 

35 which the switch remains open even in the 
presence of a D.C. voltage on the measuring 
capacitor. The control signal A is the narrow- 
band fundamental wave signal, originating 
from the output of the D.C. voltage blocking 

40 filter while the control signal B is the alternat- 
ing voltage signal with the D.C. voltage com- 
ponent originating from the amplifier V,. As 
will be evident, this signal has been moved 
upwards with respect to the zero potential in 

45 the present example as a result of a positive 
D.C. voltage component on the measuring 
capacitor. Consequently, the zero passages of 
the leading and trailing edges of the control 
signal B are displaced with respect to the 

50 normal zero passages in accordance with the 
signal A, which may lead to the aforesaid 
control errors of the distance relays. 

In Fig. 5 the case is shown in which the 
switch S, is each time closed by the logical 

55 decisive circuit during the positive half-periods 
of A, namely, because then B is larger than A 
and V ro1 , equals O. At the foot of Fig. 5 the 
positions of the switch are shown, the refer- 
ence number 1 indicating a closed switch and 

60 the reference number 0 an open switch. It is 
evident that, with a closed switch, the shaded 
residual voltage will disappear. During the 
negative half-period the switch is open and 
the r si dual voltage will remain present. Dur- 

65 ing the subsequent half-periods, the switch is 



again closed and the residual voltage will 
completely disappear. Thereupon, the true al- 
ternating voltage signal will again appear from 
the amplifier V, without a D.C. voltage com- 
70 ponent. If, as reference voltage, a voltage 
analogous to the control signal A is used, the 
switch need not be opened during the nega- 
tive half-periods. In this case, the residual 
charge will disappear also during the negative 
75 half-periods. 

The bandpass filter applied in this example 
and acting as a D.C. voltage transmission 
filter, may be replaced by a high-pass filter. In 
series herewith, an all-pass phase correction 
80 filter may be incorporated for the purpos of 
correcting the frequency phase response. 

Fig. 6 shows an exemplary embodiment 
with a D.C. voltage transmission filter F 2 , 
consisting of a tow-pass filter E and a bands- 
85 top filter H, the latter being centered on the 
frequency of the desired alternating voltage. 
The output signal (B-A) of the bandstop-filter 
is the wideband measuring signal from which, 
among other things, the desired alternating 
90 voltage component is filtered off, in other 
words, all undersirable components with fre : 
quenicies lower than the desired alternating 
voltage frequency are present in this signal. 
Upon inversion and summation with signal B. 
95 this signal (B-A) is used by the comparison 
circuit D to control the logical decisive circuit, 
as shown in Fig. 6. 

Said inversion and summation may also be 
refrained from, the signal (B-A) being sup- 

1 00 plied directly to the input 1 of the comparison 
circuit D as a control signal. A reference 
potential, e.g. the voltage 0, should then be 
supplied to the input 2. 

In Fig. 7, an embodiment is shown in 

1 05 which a second series circuit of capacitors is 
used for the purpose of diverting one of the 
input control signals to be supplied to the 
comparative circuit D. The signal on the junc- 
tion of the high tension capacitor d and the 

1 1 0 control capacitor C 7 is supplied to the amplifi- 
er V, producing the measuring signal B as an 
output signal which, in its turn, is again used 
as a measuring signal for the control of the 
protective device and, upon amplification in 

115 the amplifier V v is also supplied to one of the 
inputs of the comparision circuit as a control 
signal. This corresponds to the circuits applied 
in the embodiment discussed above. 

However, a second capacitive voltage divid- 

1 20 er is now connected parallel to the capacitive 
voltage divider consisting of the series circuit 
of the capacitors C, and C 2 , said second 
capacitive voltage divider consisting of the 
high voltage capacitor C 3 in series with a 

125 second control capacitor C 4 . The signal on the 
junction of th capacitors C 3 and C 4 , centered, 
via a D.C. voltage blocking filter F n (in the 
example represented a bandpass filter) on the 
desired alternating voltage frequency, is sup- 

1 30 plied to the input 1 of the comparison circuit 
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SPECIFICATION 

Capacitiv voltag divider 

5 The invention relates to a capacitive alternat- 
ing voltage divider, e.g. for medium or high 
voltages, comprising the series circuit of at 
least two capacitors, one of which serves as a 
measuring capacitor, which series circuit can 
1 0 be connected between a primary voltage and 
a reference voltage, a measuring signal being 
derived from the measuring capacitor as a 
secondary voltage. 

A similar voltage divider is known from 
15 "Bulletin Scientifique A.I.M." 1973, June, 
pages 154-155. This known voltage divider 
is provided with a leakage impedance con- 
nected in parallel to the measuring capacitor 
in order to discharge the D.C. voltage occur- 
20 ring under certain circumstances over the 
measuring capacitor. Particularly, when the 
signal derived from the measuring capacito- 
r — in the present case the measuring sig- 
nal — serves to monitor the primary voltage 
25 connected to the voltage divider, a similar 
D.C. voltage over the measuring capacitor 
may render difficult, or even prevent the mon- 
itoring. In the presence of a similar D.C. 
voltage, distance relays cannot duly interfere 
30 or will interfere wrongly. Also, the localizing 
of an earth fault or phase short circuit will be 
difficult or even impossible. 

A D.C. voltage over the measuring capacitor 
may occur, e.g. when a primary alternating 
35 voltage line is disconnected at a moment 

when the wave form of the alternating voltage 
does not pass through zero. The then remain- 
ing voltage on the line leads to a residual 
charge, also called D.C. voltage component, 
40 which will result in a D.C. voltage over the 
measuring capacitor via the capacitor con- 
nected to the primary voltage. If, with such a 
D.C. voltage over the measuring capacitor, the 
voltage should return after a few periods and 
45 a short circuit should occur immediately after- 
wards while the D.C. voltage is not yet suffici- 
ently diverted, a zero passage of the measur- 
ing signal will consequently occur only after a 
few periods, to which zero passage a distance 
50 relay will react. However, this implies that 
they relay will react too late. Also, overvol- 
tages on the primary alternating voltage lines 
may lead to residual charges and D.C. vol- 
tages over the measuring capacitor. 
55 Therefore, for a correct operation of dis- 
tance relays, an undistorted reproduction of 
the charges in the primary voltage will be 
essential. With the known voltage divider, a 
leakage impedance is connected parallel to 
60 the measuring capacitor for that reason, due 
to which the D.C. voltag will disappear with 
sufficient velocity. 

The application of a leakage impedance will 
indeed prevent the occurrence of an inadmis- 
65 sible delay in the operation of protective 
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means, a.o. under the conditions stated 
above, but an unfavourable effect of this 
measure is that phase shifts of the measuring 
signal will occur with respect to the primary 

70 alternating voltage. The result is a delayed 
response of protective means, e.g. in case of 
a short circuit in the primary alternating volt- 
age circuit. Besides phase shifts, the measur- 
ing signal will also present transient phenome- 

75 na as a result of the leakage impedance, 

which penomena, as will be understood, will 
likewise disturb an accurate operation of the 
protective system for the primary alternating 
voltage. 

80 The aforesaid disadvantages are avoid d by 
the capacitive voltage divider according to the 
invention, characterized in that the measuring 
capacitor is connected to a member with a 
variable impedance and in that control means 
85 are present which react upon a D.C. voltag 
component in order to reduce said impedance 
in the presence of a D.C. voltage component 
and to increase it in the absence of a D.C. 
voltage component. 
90 The invention is based upon the notion that 
the D.C. voltage over the measuring capacitor 
will not nearly occur in all cases and that, 
therefore, in the absence of said D.C. voltage, 
a leakage impedance may be omitted, so that 
95 an exact control of distance relays, if any, is 
guaranteed. Only in the presence of the D.C. 
voltage the impedance of the member con- 
nected to the measuring capacitor will be 
reduced to such an extent that the D.C. volt- 
100 age is yet sufficiently rapidly diverted to pre- 
vent an excessive delay in the remote control. 

In a further embodiment of the invention, 
the means reacting to a D.C. voltage may 
consist of a comparison circuit embodied in 
1 05 the control means, preceded by filters for the 
supply of the correct control signals to the 
Comparison circuit, and followed by a logical 
decisive circuit controlling the member with 
variable impedance. The filters will enable the 
110 comparison circuit to distinguish a desired 
alternating voltage from other components, 
such as the D.C. voltage component. Gener- 
ally, by means of the logical decisive circuit, 
the comparison circuit will lead to decrease 
115 the leakage impedance when voltage compo- 
nents are found which are unlike the desired 
alternating voltage. However, as control 
means, embodiments may also be chosen in 
which the presence of a D.C. voltage compo- 
120 nent is directly detected by diverting this from 
the secondary voltage via a D.C. voltage trans- 
mission filter. The D.C. voltage thus realised 
may be applied directly to control the variable 
impedance, e.g. by means of semi-conductor 
125 circuits. 

One of the input control signals for the 
comparison circuit may also be diverted from 
a separate further capacitive alternating volt- 
age divider, to be connected between the 
1 30 primary voltage on the one hand and the 
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D as a control signal A. If so required, a 
leakage resistance with a high ohmic value 
may be connected in parallel to the capacitor 
C 4 for the purpose of discharging residual 
5 charges on C 4 . However, this resistance is not 
necessary for the operation of the D.C. voltage 
blocking filter. 

Should a D.C. voltage component or charge 
occur on the measuring capacitor, this will not 

1 0 be supplied to the input 1 of the comparison 
circuit D as a result of the operation of the 
filter while, in the first instance, it will 
remain stationary on the input with a high 
' ohmic value of the amplifier V, as the switch 

15 S, is still open. The comparison circuit D and 
the logical decisive circuit B L will again oper- 
ate in the manner according to the preceding 
exemplary embodiments and will switch on 
the switch when a D.C. voltage component 

20 will occur in the secundary voltage of the first 
divider. 

It goes without saying that, here too, varia- 
tions as regards the filters will be possible, 
like in the first mentioned exemplary embodi- 

25 ment. Thus, for instance, the output signal of 
a D.C. voltage transmission filter may be used 
directly for the operation of the switch S,. 

As a matter of course, the member with a 
variable impedance which, in the exemplary 

30 embodiments described above, generally con- 
sists of a series circuit of a resistance and a 
switch, may also be executed in a different 
manner. Thus, for instance, an impedance 
dependent on the output signal S of the 

35 logical decisive circuit may be applied. 

Fig. 8 gives an example of an embodiment 
in which a converter M is applied, which 
converts the D.C. voltage (B-A) supplied from 
the D.C. voltage transmission filter into a 

40 pulse-shaped signal, the pulse/pause ratio of 
which depends upon the value of the D.C. 
voltage. Said pulse-shaped signal is supplied 
to the switch for the leakage impedance R L . 
Therefore, when the filter F 2 detects a D.C. 

45 voltage the switch will be switched on and off 
until the D.C. voltage over de capacitor C 2 will 
have disappeared. If no D.C. voltage is pre- 
sent, the switch S t will remain open. 

Instead of one single leakage impedance R L 

50 and a switch St connected in series therewith, 
several switches S, ... S N may be applied 
with corresponding leakage impedances R L1 
. . . R LN , which, moreover, need not all have 
the same impedance value. By means of an 

55 A/D converter, the value of the D.C. voltage 
component is converted into digital signals 
which appear at the output and therewith 
operate the switches S, to S N . If, for instance, 
the digital "One-out-of N" code is used, then, 

60 dependent on the value of the D.C. voltage 
compon nt, a certain leakage impedance will 
be engaged via the switch S^, on the basis 1 
m ^ N. Also, for instance, the impedances 
Ru to Rln inclusive may have equal values 

65 betw en them, no switch or one or more 



switches being switched on simultaneously, 
dependent on the value of the D.C. voltage 
component. — 
Also, the variation will be possible here that 

70 the respective reference voltages for the leak- 
age impedance R Ln ... R LfJ are also controlled 
by the A/D converter. 

As already remarked before, the member 
with a variable impedance, which so far con- 

75 sists of one or more impedances and one or 
more switches connected in series therewith, 
may also be executed as the internal resis- 
tance of a semi-conductor, e.g. a field-effect 
transistor. For instance, as a control voltage, 

80 the D.C. voltage (B-A) from the D.C. voltage 
transmission filter F2 may be supplied to this, 
either directly or via a voltage divider or 
impedance converter. Of course, the circuit 
should then be executed in such a manner, 

85 that the impedance of the semi-conductor will 
fall as the D.C. voltage (B-A) from the filter F 2 
will rise. 

Now, a few variants of the capacitive alter- 
nating voltage divider according to the inven- 
90 tion will yet be described, in which the possi- 
bilities of application are enlarged and, like 
with the circuit according to Fig. 7, the two 
measuring signals will not affect each other 
and in which, furthermore, a better stability 
95 and a major regulation velocity may be 

achieved even though one high voltage capac- 
itor will be sufficient. 

These embodiments are based upon a 
method known per se, in which, by means of 

1 00 a capacitive alternating voltage divider, two 
measuring signals may be derived which ar 
highly mutually independent, said method be- 
ing described in Proceedings of the I.E.E., 
Vol. 121 , No. 12, December 1974, pages 

1 05 1 557-1 566/ particularly Fig. 1 3. 

Here, it is started from a capacitive alternat- 
ing voltage divider of the type as stated in the 
preamble of the present patent application, 
consisting of two capacitors in series, one of 

1 1 0 which serves as a high voltage capacitor while 
the measuring signal is diverted from the 
other capacitor via an impedance and a trans- 
former. Now, said voltage divider is provided 
with a third capacitor connected in series and 

115 connected between the measuring capacitor 
and the reference voltage. The capacitance 
value of this third capacitor is chosen much 
higher than the capacitance values of the high 
voltage capacitor and of the measuring capaci- 

120 tor. 

In this manner, the third capacitor wiii not 
or hardly affect the dynamic and static behavi- 
our of the usual output voltage over the 
measuring capacitor while the output voltage 

125 over the third capacitor is a better reproduc- 
tion of the primary voltage than the measur- 
ing voltage since the latter is diverted via a 
self-induction and a transformer. 

However, this known capacitive voltage di- 

1 30 vider does not yet have the response meeting 
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the most recent requirements as to fiability 
and velocity. On the other hand, the systems 
according to the invention which are provided 
with a member with a variable band width 
5 acutally meet these requirements. Therefore, 
should the aforesaid systems be combined, a 
capacitive alternating voltage divider will be 
realised which, as already stated, will operate 
more accurately and swiftly. 

1 0 With these two new embodiments, two dif- 
ferent methods may be distinguished. The 
first is based upon the current source principle 
and may be applied with capacitive alternating 
voltage dividers, the high voltage capacitor of 

1 5 which has a capacitance value which is very 
low when compared to the value of the other 
series capacitors. Consequently, the current 
through the capacitive alternating voltage di- 
vider will remain very low and is entirely 

20 determined by the high voltage capacitor and 
the primary voltage. For instance, with a pri- 
mary phase voltage of 240 kV, a high voltage 
capacitor with a value of 1 0 pF and a single 
measuring capacitor in series with a value of 

25 0,2 /iF, a current in the order of 0*75 mA will 
pass through while the voltage over the mea- 
suring capacitor will be 12V. Therefore, in- 
stead of the high voltage capacitor, a current 
source in series with the measuring capacitor 

30 may be imagined. Consequently, this current 
will not be affected by any voltages acting the 
measuring capacitor and originating from cir- 
cuits connected to said measuring capacitor. 
Fig. 9 shows a practical embodiment of a 

35 similar capacitive voltage divider according to 
the invention, operating according to the cur- 
rent source principle. In series with C, and C 2 , 
the latter of which will be called a control 
capacitor, a third capacitor C 3 is now incorpo- 

40 rated, also a control capacitor, with a capaci- 
tance value of the same order of extent as 
that of the capacitor C 2 . In this capacitive 
alternating voltage divider, too, the current 
through the high voltage capacitor through 

45 the control capacitors C 2 and C 3 is entirely 
determined by the high voltage capacitor C, 
which, for that purpose, should have a much 
lower capacity than the capacitors C 2 and C 3 , 
said current also being almost independent on 

50 the voltages V C2 and V C3 which may appear 
across the capacitors C 2 and C 3 respectively. 

The voltage V c2 is supplied to an amplifier 
and the amplifier output voltage acts as a 
wideband control signal B for a non-repre- 

55 sented comparison circuit in accordance with 
the embodiments described earlier. Over the 
control capacitor C 2 which, in the present 
case, also acts as a measuring capacitor to 
provide the measuring signal, it is connected 

60 the member with variable impedance, consist- 
ing of the switch S and the leakage impe- 
dance R,. The voltage V C3 occurring over the 
control capacitor C 3 will serve as control signal 
A after amplification and filtering and, there- 

65 fore, will form the narrowband fundamental 



wav signal. In the mann r described above, 
both signals ar supplied to a comparison 
circuit, the output signal of which may oper- 
ate the switch S. In the presence of a D.C. 

70 voltage component in V c2 , S will be closed. As 
a result of operating the switch S, equivalent 
transient voltages will occur over the control 
and measuring capacitor C 2 which, therefore, 
will also appear in the voltage and are not 
75 present in the primary voltage V P . In an equal 
measure but with opposed polarity, these 
transient voltages are present in V C1 since V P 
= V C1 + Vca 4- V c3 , in which is much 
lower than V C1 + V C2 . Therefore, in V C3 , said 
80 transient voltages will be reproduced in a 
highly attenuated form. Therefore, V C3 is al- 
most independent from and forms a more 
true replica of the true primary alternating 
voltage than the control signal A in the em- 
85 bodiments described in Figs. 1 to 6 inclusive. 
The resistance R parallel to C 3 confers a 
high-pass character to the transmission func- 
tion V C3 /V P . If, for instance, the control signal 
A is conveyed through a low-pass filter, a 
90 band filter operation is obtained. However, the 
control signal A may also be conveyed 
through a phase correction filter as described 
in the embodiment according to, say, Fig. 6. 
Of course, the influence of R can no less or 
95 hardly be retraced in V C2 since the same 
argument prevails here as with the action 
upon V C3 by V C2 . 

Therefore, in the manner as described 
above, control signals A and B may be cre- 

1 00 ated by means of a single alternating voltage 
divider with a high voltage capacitor C 1# the 
signal B also forming the desired measuring 
signal for protective purposes. 

As shown in Fig. 10, giving a variant of the 

105 circuit according to Fig. 9, a capacitor C 5 may 
be incorporated between the high voltage 
capacitor C, and the first control capacitor C 2 
for the purpose of diverting a further measur- 
ing voltage V s by means of a transformer TS. 

110 Whereas in the circuit according to Fig. 9 
the capacity of the high voltage capacitor 
should be much lower than that of the two 
control capacitors, Fig. 10 states that the total 
-capacity of the high voltage capacitor C n and 

115 the further capacitor C 5 must be considerably 
lower than the capacity of the control capaci- 
tors C 2 and C 3 . In that case, here too, the 
current source principle applies. Generally, in 
this variant, C 2 must have a greater capacity 

1 20 than with the circuit according to Fig. 9 since, 
in this variant, C, already has a value higher 
than that of C t in Fig. 9. Consequently, the 
switching on of a leakage impedance R L may 
be coupled with higher currents through the 

1 25 switch S. If, for this purpose, an electronic 
switch is applied, these higher currents are 
considered unfavourable. 

This problem may be avoided by incorporat- 
ing a further capacitor C 6 between the switch 

1 30 S and the junction of the two capacitors C 2 
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and C s . If the capacitance value of C 6 is 
chosen much lower than that of C 2 , the switch 
S can be operated by lower currents. With a 
closed switch S, C 6 and R L will act as a high- 
5 pass filter. In the presence of a D.C. voltage 
across capacitor C 2 , the switch S will be 
closed by the means as described above. 

Consequently, via R L , the capacitor Og IS 
charged to the same voltage as across C 2 . As 

10 soon as both voltages are equal, the switch S 
will open again, as a result of which the D.C. 
voltage over C 6 with opposite polarity is added 
to the D.C. voltage over C 2 , in other words, 
the D.C. voltage over S now equals zero. 

1 5 Fig. 1 1 shows another variant of the 
method operating according to the current 
source principle. 

In this circuit, too, for a capacitive alternat- 
ing voltage divider, a high voltage capacitor is 

20 applied only. Instead of in a series circuit, 
both control capacitors C 3 and C 5 are now in 
two separate parallel branches. Besides the 
control capacitor C 3 and C 5 respectively, each 
branch comprises the capacitor C 2 and C 4 

25 respectively. With this circuit, the condition is 
that the capacitance value of the capacitors C 3 
and C B is much higher than that of the 
capacitors C,, C 3 and C 4 . Again, the current 
through the high voltage capacitor and 

30 through both parallel branches is determined 
by the value of the high voltage capacitor C, 
and also, for each branch, by the value of the 
capacitors C 2 and C 4 respectively. Transient 
voltages V tr5 caused by e.g. the closing of the 

35 switch S for the purpose of diverting D.C. 
voltages, if any, over C 5 via R L lead to a 
fraction 

V, r C a (C, + C 2 )/C 3 (C, + C 2 + C 4 ) in V C3 

40 

On the other hand, fraction 

C 4 (C, + C 2 )/C 5 (C, + C 2 + C 4 ) 

45 only is perceptible of the influence of the 
resistance R in V C5 connected parallel to the 
control capacitor C 3 . 

This circuit has the advantage that the 
amplifier for the signal B has no "common 

50 mode" component, as is the case with the 
circuit according to Figs. 9 and 10. However, 
this circuit may have the disadvantage that 
the junction of C,, C 2 and C 4 will be subject to 
a comparatively high voltage compared to the 

55 circuit according to Fig. 9 between the capaci- 
tors C, and C 2 . 

Fig. 1 2 shows a circuit with a high voltage 
capacitor operating according to the second 
method, which is based upon the voltage 

60 source principle. This circuit is particularly 
suitable for medium voltages. Capacitor C 2 
and transformer TS providing the voltage V s 
are not essential to the principle of the inven- 
tion but may be applied for further protective 

65 purposes for the same reasons as with the 



circuit according to Fig. 10. 

Although both control capacitors C 5 and C 7 
are each incorporated in one of two parallel 
branches and, therefore, in accordance with 

70 the circuit according to Fig. 1 1 , the present 
circuit does not operate according to the cur- 
rent source principle but according to the 
voltage source principle, and that under appli- 
cation of a capacitor C 3 with a value consider- 

75 ably higher than the capacity of the capacitors 
C, and C 2 and the sum capacity of C d -f C 5 
and C 6 and C 7 respectively. In this capacitive 
alternating voltage divider, the capacitor C, 
may have a value of 0 01 fiF in a preferential 

80 embodiment for e.gT 1 0 kV, the capacitor C 2 a 
value of 0.033 /xF and the capacitor C 3 a 
value of 1 Consequently the current value 
through the capacitive voltage divider will be 
somewhat higher than in the voltage divider 

85 according to Fig. 9 since the capacities C, and 
C 2 will be higher. 

C, and C 2 will indeed determine the current 
through the capacitive voltage divider but it is 
conceivable that, due to its higher capacity, 

90 the capacitor C 3 is replaced by a voltage 

source with the approximate no-load voltage 

V P c v c 2 /<c t + C 2 > C 3 . 

95 The current through the voltage dividers con- 
nected parallel to C 3 is negligible with respect 
to the current through C 3 . Parallel to C s , an 
adjustable leakage impedance is applied, con- 
sisting of a resistance R L in series with the 

100 switch S for the purpose of discharging D.C. 
voltages occurring over C 5 . S will then be 
closed by the means as descirbed above. In 
this manner, however, transient voltages will 
occur across C 5 which will occur in an equally 

105 strong measure and with opposite polarity 
across C 4 since V C3 is V C4 + V c5 is constant 
because of the voltage source principle. In 
this manner the wideband control signal B is 
diverted, which acts as an input signal for the 

110 comparison circuit with two inputs according 
to the embodiments described earlier. Also, 
the signal B is used as a measuring signal for 
protective purposes. 
The narrow band control signal A is div- 

115 erted by means of the voltage divider C 6 , C 7 . 
Parallel to C 7 , a resistance R is again applied 
in order to realise a high-pass character. Here, 
too, a band filter may be created by adding a 
low-pass filter. Again, the influence of R can- 

1 20 not be retraced in V C3 since disturbances, if 
any, will again appear over C 6 with opposite 
polarity, for, here too, V C3 = V C6 + V c7 is of 
a constant value. 
The capacitive voltage divider according to 

125 Fig. 12 may also be operated with a high 
voltage capacitor with a low capacitance va- 
lue, e.g. 10 pF. In that case, the value 0.25 
/i,F may be chosen for C 3 , while the capacitors 
C 4 to C 7 inclusive will have a value of 3.2 /mF 

130 each. With a primary voltage of 400 kV and 
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when omitting the capacitor C 2 in Fig. 12, a 
voltage of 20 V will then arise in the junction 
of the high voltage capacitor C, and the 
capacitors C 3 , C 4 and C 6 . The voltages A and 
B will then amount to 10 V each. 

In the present case, it is conceivable that C, 
is replaced by a current source whereas C 2 is 
replaced by a voltage source. If C„ the sum 
capacity of C 4 and C s and the sum capacity of 
C 6 and C 7 are chosen much lower than C 2 , the 
measuring voltages A and B will affect each 
other only slightly. 

It goes without saying that the invention 
will not be restricted to the embodiments 
represented here, but that additions and 
amendments will be possible without depart- 
ing from the scope of the invention. 



CLAIMS 

20 1 . Capacitive alternating voltage divider, 
e.g. for medium or high voltage, comprising 
the series circuit of at least two capacitors, 
one of which serves as a measuring capacitor, 
which series circuit can be connected between 

25 a primary voltage and a reference voltage, a 
measuring signal being derived from the mea- 
suring capacitor as a secondary voltage, char- 
acterized in that the measuring capacitor is 
connected to a member with a variable impe- 

30 dance and that control means are present 
which react to a D.C. voltage component in 
the secondary voltage for the purpose of re- 
ducing said impedance in the presence of a 
D.C. voltage component and to increase it in 

35 the absence of D.C. voltage component. 

2. Voltage divider according to claim 1, 
characterized in that the control means consist 
of a comparison circuit, to one input of which 
it is supplied a true alternating voltage signal, 

40 derived from the secondary voltage, via a D.C. 
voltage blocking filter, and to a further input 
of which it is supplied a complete signal, 
corresponding to the secondary voltage, while 
the output signal of the control means con- 

45 trols the member with a variable impedance. 

3. Voltage divider according to claim 1 , 
characterized in that the control means consist 
of a comparison circuit, to one input of which 
it is supplied the D.C. voltage, derived from 

50 the D.C. voltage component in the secondary 
voltage, via a D.C. voltage transmission filter, 
a bandstop filter and adding means, and to a 
further input of which it is supplied a com- 
plete signal, corresponding to the secondary 

55 voltage, which complete signal is also sup- 
plied to said adding means while the output 
signal of the control means controls the mem- 
ber with a variable impedance. 

4. Voltage divider according to claim 1, 
60 characterized in that the control means consist 

of a comparison circuit, to one input of which 
it is supplied the D.C. voltage, derived from 
th secondery voltage, via a D.C. voltage 
transmission filter, and to a further input of 
65 which it is supplied a reference potential, 



while the output signal of the control means 
controls the member with a variable impe- 
dance. 

5. Voltage divider according to one of the 
70 preceding claims, characterized in that the 

true alternating voltage signal supplied to on 
output of the control means is derived from a 
separate second series circuit of at least two 
capacitors, to be connected between the pri- 
75 mary voltage and the reference voltage, on of 
which capacitors serves as second measuring 
capacitor. 

6. Voltage divider according to one of the 
preceding claims, characterized in that the 

80 member with a variable impedance consists of 
at least one switch connected in series 
therewith. 

7. Voltage divider according to claim 6, 
characterized in that means are present which 

85 convert the control signal for the member with 
a variable impedance into a pulse-shaped sig- 
nal, the pulse/pause ratio of which is propor- 
tional to the value of the D.C. voltage compo- 
nent, which pulse-shaped signal operates the 

90 switch. 

8. Voltage divider according to one of the 
preceding claims, characterized in that the 
member with a variable impedance consists of 
several impedances, each of which is con- 

95 nected in series with a switch and that the 
control signal for the variable impedance 
switches one or more switches according to 
the value of the D.C. voltage component. 

9. Voltage divider according to one of the 
100 preceding claims, characterized in that the 

member with a variable impedance is an ac- 
tive member with an adjustable impedance. 

10. Voltage divider according to claim 9, 
characterized in that the active member is a 

105 semiconductor component. 

1 1 . Voltage divider according to claim 9, 
characterized in that the active member is an 
electronic tube. 

1 2. Voltage divider according to one of 

1 10 the preceding claims, characterized in that the 
reference voltage applied to the member with 
variable impedance is regulated, both in 
height and in polarity, by the means serving 
for the operation of the member with variable 

115 impedance. 

1 3. Voltage divider according to claim 1 2, 
characterized in that the reference voltage for 
the member with a variable impedance is 
operated by the logical decisive circuit and is 

1 20 always lower than the complete signal when 
the latter is larger than the true alternating 
voltage signal, and always larger than the 
complete signal when the latter is smaller 
than the true alternating voltage signal. 

125 14. Voltage divider according to claim 13, 
characterized in that the reference voltage is 
the true alternating voltage signal. 

1 5. Voltage divider according to claim 1 , 
in which, in the series circuit, a high voltage 

1 30 capacitor is connected to the primary voltage, - 
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characterized by a series circuit connected 
between the high voltage capacitor and the 
reference voltage and consisting of a first 
control capacitor providing a secondary volt- 
5 age from which a narrowband fundamental 
wave signal is derived; a second control ca- 
pacitor providing a complete secondary signal; 
comparison means enclosed by the control 
means, to an input of which the narrowband 

1 0 fundamental wave signal is supplied as a 
control signal, and to another input of which 
the complete secondary signal is supplied as a 
control signal, while the output signal controls 
the member with variable impedance, in 

1 5 which the capacity of the high voltage capaci- 
tor is considerably lower than the capacity of 
the other capacitor in the series circuit. 

16, Voltage divider according to claim 1, 
characterized in that one of the control capaci- 

20 tors also forms the measuring capacitor to 
which the member with variable impedance is 
connected. 

17. Voltage divider according to claim 1 6, 
characterized in that, between the junction of 

25 the high voltage capacitor with the first con- 
trol capacitor and the member with variable 
impedance, a further capacitor is incorporated 
with a value which is considerably lower than 
the value of the first control capacitor. 

30 18. Voltage divider according to claim 1 
or 2, in which, in the series circuit, a high 
voltage capacitor is connected to the primary 
voltage, which high voltage capacitor is char- 
acterized by two parallel branches connected 

35 in series with the high voltage capacitor, each 
of which branches is provided with at least 
two capacitors connected in series, one of 
each forms a control capacitor, in which a first 
control capacitor provides a secondary volt- 

40 age, from which a narrowband fundamental 
wave signal is derived and a second control 
capacitor provides a complete secondary sig- 
nal; comparison means enclosed by the con- 
trol means, to an input of which the narrow- 

45 band fundamental wave signal is supplied as 
a control signal and to another input of which 
the complete secondary signal is supplied as a 
control signal, while the output signal oper- 
ates the member with variable impedance, 

50 and in which the capacity of the control 

capacitors is much higher than the capacity of 
the other capacitors in the capacitive voltage 
divider. 

19. Voltage divider according to claim 1 
55 or 2. in which., in the series circuit, a high 
voltage capacitor is connected to the primary 
voltage, characterized by three parallel 
branches connected in series with the high 
voltage capacitor, the first branch of which 
60 comprises a capacitor while the other two 
branches each comprise at least two capaci- 
tors connected in series, one of each forms a 
control capacitor, in which a first control ca- 
pacitor provides a s condary voltage from 
65 which a narrowband fundamental wave signal 



is derived and a second control capacitor 
provides a complete secondary signal, by 
comparison means comprised by the control 
means, to an input of which the narrowband 

70 fundamental wave signal is supplied as a 
control signal and to another input of which 
the complete secondary signal is supplied as a 
control signal, while the output signal controls 
the member with variable impedance, and in 

75 which the capacity of the single capacitor in 
the first branch is much higher than the 
capacity of the other capacitor in the alternate 
ing voltage divider and the total capacity of 
the two capacitors connected in series in the 

80 other parallel branches. 

20. A voltage divider substantially as 
hereinbefore described with reference to Figs. 
1, 6, 7, 8, 9, 10, 1 1 or 12 of the accompa- 
nying drawings. 
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